The ability of humans to attend to some environmental stimuli while ignoring others has long been recognized. 1 However, investigators are still debating about the level of information processing at which stimuli that are attended begin to receive differential processing with respect to stimuli that are not attended, with some investigators favoring an early, perceptual filter, and others a late output-stage bottleneck. 2 Other researchers have posed the question in different terms: which are the brain structures involved in sensory processing that first show differential response to attended and unattended stimuli, and at what latency does this difference emerge? 3 This differential response can be labeled attention effect to contrast it with a stimulation effect, defined here as the average response exhibited by brain areas to attended and unattended stimuli.
Introduction
The ability of humans to attend to some environmental stimuli while ignoring others has long been recognized. 1 However, investigators are still debating about the level of information processing at which stimuli that are attended begin to receive differential processing with respect to stimuli that are not attended, with some investigators favoring an early, perceptual filter, and others a late output-stage bottleneck. 2 Other researchers have posed the question in different terms: which are the brain structures involved in sensory processing that first show differential response to attended and unattended stimuli, and at what latency does this difference emerge? 3 This differential response can be labeled attention effect to contrast it with a stimulation effect, defined here as the average response exhibited by brain areas to attended and unattended stimuli.
Both questions (where and when attention effects occur in the brain) can be addressed in humans using non-invasive methods. Hemodynamic imaging techniques have been used to identify the brain structures that show attention effects, [4] [5] [6] [7] and electrophysiological techniques have been used to determine the time at which these effects begin to appear. [8] [9] [10] [11] However, the integration of these two pieces of information has relied, so far, mostly on theoretical arguments 12 and modeling efforts in which the electrophysiological activity recorded at the surface of the head is modeled as the sum of multiple dipole sources located somewhere inside the brain. 13, 14 In the case of covert visual spatial selective attention (i.e. the relative enhancement of the response to stimuli displayed at locations of the visual field at which attention is directed, in the absence of eye movements), these studies have led to the hypothesis that the initial response (with a latency of < 140 ms) in primary visual cortex (Brodmann area 17, or striate cortex) is not modulated by attention, whereas that in other occipital cortical areas, such as area 19 (presumably involved later in the information processing cascade), is modulated by attention. 12 These modeling efforts need to be confirmed by a direct measurement of the time course of activity in areas 17 and 19 for attended and unattended stimuli. A new non-invasive technique that may provide data of this type has been developed recently. This technique, labeled event-related optical signal (EROS) is based on the measurement of localized changes in the optical properties (probably changes in the scattering of near-infrared photons) that accompany neuronal activity. EROS is obtained by measuring changes in the time required by near-infrared photons to travel between a source and a detector located on the surface of the head. This time (of the order of ps) can be measured quasi-continuously using frequencydomain time-resolved optical methods. 15 Changes in photon travel time depend on changes in the scattering and absorption properties of the medium. Both changes in scattering and in absorption of nearinfrared light have been shown to occur in active cortical tissue, 16 changes in scattering being more closely temporally related to the neuronal activity than the absorption changes. Previous studies have shown that EROS can detect activity in localized occipital areas following visual stimulation. 17 The localization of the EROS response matches that of A new imaging technique (event-related optical signal, EROS) reveals the time course of neural activity in selected cortical areas of normal human subjects. This technique was used to study the event-related activity in striate and extrastriate occipital areas in an experiment in which spatial selective attention and stimulus probability were manipulated. The results show that attention effects are evident in the initial response in extrastriate cortex (latency < 100 ms), but not in striate cortex, confirming previous modeling efforts. They also show that the initial response in striate cortex is modulated by stimulus probability, suggesting the occurrence of pre-attentive memory phenomena in primary visual cortex.
cortical activity observed with fMRI, while its latency is well correlated with that of the visual evoked potential, 18 making the technique suitable for studying the time course of activity in selected cortical areas.
In this study, EROS was used to compare the timecourse of the cortical response in areas 17 and 19. The stimuli were displayed on locations that were attended on some blocks of trials, and unattended on others. In addition, some stimuli (matched in terms of attention and location) occurred frequently, while others were rare. This experimental paradigm allowed the investigation of three types of effects for the cortical areas examined with EROS: the effect of stimulation, given by the average of the responses to attended and unattended stimuli; the effect of attention, given by the difference between the responses to attended and unattended stimuli; and the effect of stimulus probability, given by the difference between the responses to rare and frequent stimuli.
Subjects and Methods
Three subjects (two females, age 20-27 years) signed informed consent forms and were studied individually during a 29-session experiment. The procedures used in the study were approved by the Internal Review Board of Columbia University (where the experiment was run). Each session comprised 40 blocks. A fixation cross was presented at the center of a computer display for the whole duration of each block. At the beginning of each block, a < or a > sign was presented for 50 ms approximately 2º to the left or right of the fixation cross. This character indicated to the subjects which hemifield to attend (without moving their eyes). After 800 ms, a series of 24 stimuli were randomly flashed for 50 ms every 800 ms either 2.5º to the left or 2.5º to the right of the fixation cross. On 75% of the trials the stimuli were squares (side 2º) and on 25% of the trials they were rectangles (height 2.5º, width 1.5º). Subjects were instructed to press a button with the index finger of their right hand whenever a rectangle was presented on the attended side. The first session served as practice. The other 28 sessions were used for recording the EROS signal from 28 different locations (one per session) over the occipital region. The EROS signal was recorded continuously during each block of trials, using a frequency-domain timeresolved method. 19 The light source for the EROS recording was an LED with a wavelength of 715 nm and a power of < 1 mW, that was applied directly on the scalp, and the detector was a 3 mm fiber optic bundle connected to a photomultiplier tube. The intensity of the light emitted by the LED was modulated at 112 MHz, and was heterodyned using a crosscorrelation frequency of 5 kHz. The source-detector distance was kept at 3 cm (making measures sensitive to brain areas distant up to 3 cm from scalp surface 20 ). The sampling rate was 50 Hz. The 28 recording sites were located at the intersection of four horizontal lines (respectively, 3, 2.5, 2 and 1.5 cm above the inion) and seven vertical lines (equally spaced by 1.2 cm from 3.6 cm to the left to 3.6 cm to the right of the midline). Changes in gaze fixation during the experiment may alter the location of the retina and of the visual cortex involved in stimulus processing. To minimize gaze shifts, subjects were instructed to maintain fixation on the cross. In addition, eyemovements were monitored using a bipolar horizontal EOG derivation (with leads located externally to the outer canthus of each eye). Blocks of trials in which eye movements occurred were discarded. For each subject and location, the analysis of the optical data included correction of pulsation;
21 automatic detection and elimination of recording artifacts (mostly due to head movements); smoothing (using moving averages of three data points); segmentation of the EROS responses to individual stimuli (with epochs beginning 60 ms before each stimulus onset and lasting for 800 ms); sorting of the individual trials into different bins (eight bins, distinguishing side of stimulation, attention condition, and type of stimulus); and averaging of the individual trials according to condition bin. On average, about 10-20% of the trials were lost for various types of artifact.
Structural MRI scans were available for all subjects, and surface features (ear canals, inion, nasion) were used to align the EROS data to the MRI images. For reference with other studies, the Talairach and Tournoux 22 coordinates for the areas showing effects were used. Figure 1 reports maps of the stimulation and attention effects (across subjects) in occipital areas, at a latency between 40 and 140 ms after stimulation. This latency window was chosen because it encompassed the latency of early components of the visual evoked potentials (C1 and P1) that show stimulation and attention effects. 13 To increase the power of the analyses, the data from left and right homologous recording locations were recoded in terms of side of stimulation (contralateral and ipsilateral) and averaged together. Effects were expected to occur only on the contralateral side. The maps show that the stimulation effect (left panel) was most evident in medial locations contralateral to the stimulated hemifield. A smaller (but still significant) stimulation effect was also obtained at lateral locations contralateral to the stimulated hemifield. In Talairach and Tournoux G. Gratton coordinates, these areas correspond, respectively, to area 17 (primary visual cortex) and area 19. The maps of the attention effect (right panel) did not reveal significant differences in the medial locations. However, significant effects were obtained at lateral locations. To determine the within-subject reliability of these phenomena, the probability of no difference between the 40-140 ms interval and the prestimulus baseline period was tested (using t-statistics) separately for each subject, location (area 17 and area 19 in the contralateral hemisphere) and condition (attended and unattended stimuli). The results of this analysis, confirming the previous claims, are shown in Table 1 .
Results
The time courses of EROS in contralateral areas 17 and 19 for attended and unattended stimuli are shown in Fig. 2 . The responses elicited by attended and unattended stimuli in primary visual cortex had Attention, probability, and occipital cortex comparable amplitude and latency. In contrast, the EROS response in area 19 was only present for stimuli displayed at attended locations.
As shown in Fig. 3 , the EROS response in contralateral area 17 (latency between 40 and 140 ms after stimulation) was larger for rare than for frequent stimuli, t(2) = 4.58, p < 0.05. Note that the rare stimuli on the attended side required a motor response. To rule out confounds related to movement, the analysis was also conducted using only data for unattended stimuli. All three subjects showed a larger response for rare than for frequent stimuli, although the statistical comparison failed to reach significance (t(2) = 2.08, p < 0.10), presumably because of the reduced power of this analysis.
Discussion
The data support the proposal that spatial selective attention effects are not visible in the initial response from area 17, but emerge immediately in area 19. The localization and latency of the effects are consistent with previous studies using hemodynamic imaging method, 14 electrophysiological data and dipole modeling. 13 For instance, Clark and Hillyard 13 recently reported a combined MRI/ERP dipole modeling study showing that attention effects are visible for early (latency 100 ms) ERP components whose equivalent dipole source was localized in area 19, but not for components whose equivalent dipole source was localized in area 17. The Tailarach coordinates of the two components (respectively, from area 17 and area 19) reported by Clark and Hillyard, averaged across subjects, are almost identical to those of the medial and lateral foci of activity in the present study. Recently, Worden et al. 7 argued on the basis of fMRI data that attention effects could be observed in area 17 in conditions requiring discrimination between confusable patterns presented simultaneously in different locations of the visual field. This type of attention effect is clearly different from the spatial selective attention effect reported here. The limited temporal resolution of fMRI does not allow the determination of whether the attention effect reported by Worden et al. 7 occurs during the initial activation in area 17 or at a subsequent time. The long duration of the present experiment may have allowed automaticity to develop, thus explaining the lack of attention effects in area 17. However, this explanation cannot account for the data obtained in previous studies. 13, 14 Differences in the EROS for rare and frequent stimuli in area 17 also emerged. Since rare and frequent stimuli differed in physical shape (a rectangle vs a square), the probability effect is confounded with a shape effect. However, the difference in shape is very small and unlikely to produce a large systematic effect on extended cortical areas. Since the probability effect was present even for stimuli not requiring a motor response, it is unlikely that movement-related activity might influence the results significantly. The probability effect may suggest that repeated presentation of the same physical stimulus may partially suppress the neuronal response at this early stage of visual processing (repetition being more likely for frequent than rare stimuli), thus implying the existence of some elementary memory mechanism. Since activity in area 17 is not modulated by attention, this memory mechanism would presumably be pre-attentive. Further research is needed to determine the relationship between this signal and the electrophysiological mismatch negativity observed in the auditory modality.
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Conclusions
EROS was used to analyze the differential effects that spatial selective attention determines on the processing in areas 17 and 19. The EROS response in area 17 is not modulated by attention. In contrast, selective processing of attended stimuli is evident in area 19 within 100 ms from stimulation. These data imply that selective attention influences early stages of visual information processing, although some cortical processing of irrelevant stimuli is unaffected by attention. In addition, the data provide initial evidence for some form of pre-attentive memory mechanisms in primary visual cortex. 
